Abstract-This paper presents the application of Cuckoo Search Algorithm (CSA) in optimizing the control variables of power system operation in solving the optimal reactive power dispatch (ORPD) problem. CSA is inspired by the parasitic behavior of Cuckoo birds in reproduction process based on the probability for a host bird in discovering an alien egg in its nest. The implementation of CSA in determining the optimal value of control variables such as generator bus voltages, transformer tap setting and shunt reactive elements in order to obtain the minimize loss in the system. In this paper, IEEE-30 bus system is utilized to show the effectiveness of CSA and then the comparison with other nature inspired algorithms will be presented.
INTRODUCTION
Optimal Reactive Power Dispatch (ORPD) is one of the complex problems in power system planning and operation which can be treated as a sub-problem of optimal power flow (OPF) problems. One of the main objectives of ORPD is to obtain a minimum power loss in the system by configuring the control variables while fulfilling all the system's constraints. The control variables that need to be optimized are voltage magnitude of generator buses, transfonner tap setting as well as shunt reactive elements.
Recently, there are various nature inspired algorithms that have been applied to solve the ORPD problems such as Artificial Bee Colony (ABC), Grey Wolf Optimizer (GWO) [2] , Gravitational Search Algorithm (GSA) [3] , Chaotic Krill Herd Algorithm (CKHA) [4] and many more.
This paper intends to propose a nature inspired based algorithm namely Cuckoo Search Algorithm (CSA) in order to obtain an optimal solution of ORPD problem especially in loss minimization problem. Even though there is a work has been done in similar field such as discussed in [5] , the different approach has been taken in this study which is the integration between CSA with MATPOWER software package [6] so that the accurate and precise loss calculation can be obtained. CSA on the other hand is a nature inspired algorithm proposed by Yang and Deb [7] in 2009 that mimic the brood parasitism behavior of Cuckoo birds.
The application of CSA into other optimization problems has been done such as in combined heat and economic [12] . This paper is organized as follows: in Section 2, the formulation of ORPD for loss minimization is briefly discussed followed by the CSA in general is presented in Section 3. CSA implementation for solving ORPD is discussed in Section 4. Section 5 presents the results and discussion and finally, the conclusion is stated in Section 6.
II.
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One of the objectives of ORPD is the loss minimization which can be represented as follows:
where x is the vector of dependent variables and u is the vector of control variables. The function f is subject to the equality and inequality constraints. The equality constraint is the power balanced equation which is can be expressed as follow:
where P CI and QGi are the real and reactive power generation at bus i, P Di and Qm are the real and reactive load at bus i. V, and Vjare the voltage magnitude of ith andjth bus, Gij and Bij are the conductance and susceptance of transmission line i-j, and Bij is the angle difference of i-jth transmission line. The inequality constraints can be listed down as follow:
i=l, ... ,N T (6)
where equations (4) and (5) represent the generator constraints in terms of generators' output and voltages respectively, equation (6) is for the transformer tap setting boundaries and equation (7) is for the injected shunt reactive element's boundaries. Nc, NT and Nc are number of generators, number of transformers and number of shunt compensators respectively. In this paper, the MATPOWER software package [6] is utilized to obtain total transmission loss by running the load flow program in order to obtain the precise result.
III. CUCKOO SEARCH ALGORITHM
Cuckoo Search Algorithm (CSA) is a nature inspired algorithm developed by Yang and Deb in 2009 [7] which is based on the brood parasitism of cuckoo birds. Cuckoo birds have a unique aggressive reproduction strategy. Based on this strategy, Yang and Deb have come out with the three idealized rules: a) Each cuckoo lays one egg at a time and leave it egg in a randomly chosen nest.
b) The best nest with high quality eggs will be carried over to the next generations.
c) The number of available host nests is fixed and the egg laid by a cuckoo is discovered by the host bird with a probability pa which is between 0 and l. The host bird can either get rid of the egg or simply leave the nest to build a new nest.
In addition, the integration of Levy flight has been done in this algorithm to enhance the searching capability. It can be expressed as follows:
X}l+l} =x: +a�Levy(A) (8) where a > 0 is the step size that normally lies within the range of the problem's search space. The Levy flight provides a random walk which is derived from the Levy distribution, as follows:
The proposed CSA for solving ORPD problem especially in fmding the optimal solution of control variables so that the loss minimization can be achieved with all constraints are satisfied. The implementation of CSA into ORPD solution is done as follows:
Step 1: The discovery rate of alien eggs, Pa and the maximum iteration are set. Then the initialization of the candidate of solution is set randomly. Let (10) where p is the number of population or search agents and n is the dimension of the control variables to be optimized. Each 736 element in the population should satisfy the constraints in (4) -(7).
Step 2: Evaluation process. Each population that contains initial value of control variables (voltage magnitude for generators, transformer tap setting and reactive elements) is mapped into the load flow data in MA TPOWER and the load flow program is run to calculate the power flow solution including the power losses. Each population will undergo the same process in order to record the power loss in the system. At this point, the best result so far is recorded by the CSA program.
Step 3: Generation of new solutions by using equations (8-9) but keep the current best. Check boundaries of the variables. If out of bound, the program will choose pegged at the boundary values.
Step 4: Evaluation process for the new generated solutions. Record the best objective (minimum loss) so far.
Step 5: Discovery process. Replace some nests by constructing new solutions by referring to the rate of alien eggs,Pa '
Step 6: Evaluation process for new set of solutions.
Step 7: Find the best results so far and record the solutions.
Step 8: Repeat Steps 3-7 until the stopping criterion is reached (maximum iteration).
Step 9: Print the optimal results and the best objective values. General implementation of CSA into ORPD is depicted in Fig. 1 . V.
RESULTS AND DISCUSSION
In order to show the effectiveness and veracity of the proposed CSA, IEEE-30 bus system is used where this system consists of six generators, 41 transmission lines, four transfonners and three injected shunt reactive elements located at buses 3, 10 and 24. For this study, the real and reactive demands are 283.4 MW and 126.20 MVAR respectively.
The performance of CSA then is compared with five other recent nature inspired algorithms viz. Moth Flame Optimizer (MFO) [13] , Grey Wolf Optimizer (GWO) [2] , Firefly Algorithm (FA) [14] , Flower Pollination Algorithm (FPA) [15] and Gravitational Search Algorithm (GSA) [3] . All these algorithms are programmed and run in MA TLAB so that the performance of each algorithm can be analyzed and compared fairly. For fair comparison, all the parameters are set similarly for all algorithms, where for this case, the number of search agents is set to 30 and the number of maximum iteration is set to 150. Table I shows the boundaries setting of control variables for this system. It can be seen that the generator's voltage magnitude is slightly different compared to the one that has been presented in [2] where the limit is set to 0.95 for lower bound and 1.05 for upper bound. This is due to the 5 % tolerance is set for the voltage magnitude instead of 10% tolerance which has been applied in [2] . To study the performance of all algorithms in order to fmd the optimal values of control variables, 30 free running simulations have been carried out which is depicted in Fig. 2 . From this figure, it can be seen that the superiority of CSA compared to other algorithms where the CSA is able to perform consistently throughout the 30 simulations. It can be noted also that even GWO and MFO gave the similar minimum losses as shown in Table I , the results obtained by them are varied from the minimum 5.0667 to 5.09 MW.
The convergence graph for all algorithms are shown in Fig. 3 . From this figure, all algorithms are converged within 70 iterations except for FPA, where it converged about at lOO iterations. It can be seen also that GWO is the fastest algorithm that converged to the minimum loss. The study is further analyzed with the effects of control variables setup for IEEE-30 bus system. Even though that the minimum loss is obtained, the voltage of each bus supposed to be operated within their limits where for this study, the load buses must be operated at ± 10% whereas for generator buses must be operated as specified in Tablel which is ± 5%. The details voltage magnitude results for all buses are tabulated in Table III all algorithms and improved from the base case which is before the ORPD solution. These can be referred at buses 1, 3, 5, 8, 11 and 13.
VI. CONCLUSION
This paper has proposed a nature inspired algorithm, CSA in solving the ORPD problem. The effectiveness of CSA was exhibited using IEEE 30-bus system as a case study. Simulation results showed that CSA is better compared to other identified algorithms in terms of the consistency of obtaining the minimum loss of the system. The implementation of CSA into other objective functions such as voltage deviation as well as including the practical constraints related to generating units will be proposed in the near future.
